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\\ ABSTRAC
v

The purpose of this project was twofold: JIirst, to documeut the
evolution of atomic clouds during the TEAPOT gories in order Lo dati e
the rate of rise, maximum height, vertical dspth of mushrcom, dimen-
sions of stem and volume, for a period up tu <0 min after burst when
photographically feasiblc; second, to corrclate the meteorological desta
with the available cloud data on past Nevads test series as well as the
TLAPbT series, Operating cqmndl, in partioular the 3trategic Air

d-aud-the-Alr , huve irafioatead = need €ov such in-
fom.tinn u;huvo %0 offensive and def'ensive tactics.

Fhotogpaphic date were ccllected and analyzed by Edgerton, Germes-
hausen & Geler, Army Map Servica participated in Shots 10, 11, and 12
to check ocut a photographic mab) d of cloud volume determination by a
sterecacopie procedures, The U, :i, Weather Bureau and Air Force
Cambridge Research Center effec:ed the correlriinn of cloud data with
atmospheric parameters aud made Liisodolite owscrvationt of cloud rise
and height on each shot, Stratepic Air Command {Project 40.5) photo-
graphed the rising cloud from directly above tl.e hurst ai shor' time
increments after H-hr.

.~ Photographic and theodolit~ deta were collected on 14 shots, An-
alysis of weather parameters affecting cloud heights attained dues uot
suggest any clear-cut definitions with the exseption of the %ro.vpeuse
dan.pening effect. Application of current theorles has been i:avestigated
and the results compared.

Aruy Map cervice vol ralysis was not feasible on the high alti-
tude shot because of lack ~f ity of the smoke ring, Volume analysi:
wig not Senaible on Shot 11 (predawn) because of lack of light. On Shot
12_nonsynchronisation of -phote s did not permit a feawibility
ovalunTISE.,




FCREWORD

This is one of the reports presenting the results of the 47 proj-
ects participating in the Military Effects Tests Program of Operation
TEAPOT, which included 1, test detonations. Tor resders interested in
othes pertinent test information, reference 1s made to WT=-1153, Zumn.y
Report of the Technical Director, Military lifects Program, This sum-
mary report Includes the Iollowing information of posesible general
interest,

a. An over-all description of each detonation, including yield,
height of burst, ground zero location, time o: detonation,
ambiext wtmospheric corditions at detcrmaifisn, ete., for the
14 shots,

b. Discussion of all project results,

c¢. A sumary of each proje:t, including cbjectives and results.

d. A complete listing o? %.' reporta covering the Military
Effects Teats Program.

The general cooperation anu h:elpfulness of ihe Directorate of
Weapons Effscts Tests group vas worthy of rote. In particular, appre-
clation should be expressed to the following perso.nel:

Lt Col Jack G, James and M j Willjam !, Sheahan, Program 3 Director
and Assistant Director, respectively, for their asgistance and suppurt
during the TEAPOT series,

Lt Col Clifford Spohr, Tt Codl Ralph Steele, and Maj Robert leKown,
Air Weather Serviio officers, for making available the necessary weather
information and permilting the use of the theodolite for cloud measure-
wants,

Col Paul Fackler, Lt Col Frank Carlson, Mai Jark DaVries, a.d Maj
F, A, Mitchell of the Air Force Special Weapons Center for their co-
operatlon in gathering cloud information from sampling aireraft,

Capt C. S, Adler, Directorats of Weapons tffects Tests, for
assistance in arranging timing signals,

Mr. Kenneth M., Nagler, U. S, Weather Bureau, for assistance with
ti.s theodolite measurements and computations,

#e, D, Bueel and Capt D, Henderson, Army Mip Service, who conducted
their field camera operations at the Nevada Test Site,

The extensive drafting and typing assistance of the repori# Branch
of the Military Effects Group is also gratefully acknowledged.
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SECRET

CHAPTER 1
INTRODUCTICN

1.1 9QBJECTIVE

The objective of the overail project was tc acoumulate complete and
accurate cloud data and correlate these data with yield, height of burst,
and meteorclogical information in ordes to derivc general rules relative
to the evolution of an atomic cleud. Operating compands, in particular
the Strategic Air Command (SAC) and the Air Defense Command {AIC), have
indicated a need for such information relative to offensive and defen~
sive tactics,

1.2 BACKGROUND

1.2,1 Past Cloud Measurements, H'iatory

According to available reports, initial collectica of atomic
cloud rise and height data was a. ~mpled at the SANDSTONE tests (April,
1948) by means of manually controlled theodclites, 1/ This project was
organized by the Task Group with the cooperation of the iir Force, Navy,
and Weather Bureau,

During the RANGER series (Jan-Feb, 1951) tne Alr Weather Service
(AWS) made addi%ional theodolite measurements documenting cloud rise and
height. 2/

In Avril, 1951, during the GREENHOUSE series, cameras were first
utilized to accumuvlatve cloud information, and a theoretical study was
completed by Kellogg, et al, 3/

During the BUSTiR-JANGLE geries (OuL—sz, 1951} further theod-
olite measurements were completed by the AWS 2/, and Edgerton Germea-
hausen & Grier (EGG) used camsra equipment for cloud documentation
from atations less than 10 miles from burst point.

During the TUMBLER-SNAPPER series (April-May. 1952) the 4.t again
made cloud measurements by means of theodolites. 5/ Because of the low
priority to eloud information, photographs by EG&G were taken only for
30 see, primarily for an Atomic Energy Commission (AEC) interest rather
than total cloud evolution,

In November, 1952, at the IVY series, EG&G utilized camerrs
based on land, ships, and aircraft to decwment the c?..d history. 5/,%/
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During the UPSHUT~KNOTHOLE tests (Mar=Jun, 1953} both the AWS
with theodolites &/ and EGXG by means of camera stations, 7/ documented
the cloud growih.

On the CASTLE series (Mer-May, 195,) EGLC again used lunu-, sea-,
and air~-hased caneras to obtaln photographic cloud data. L

1,2,2 Fast Cloud Measurements, Zveluation

In correlating the existent cloud data, it was believed wise to
consider initially the Nevada Test Site (NTS) data exclusively before
including the FPacific Proving Grounds' cloud data, the bulk of which i
in the megaton yleld category., In reviwwing the available records of
cloud data collected at the Nevada site, it was discouraging to note
that only nine shots out of greater than 30 detnn.tions uffered cic.?
rise and height data which could be considered reliable, The definition
“reliable" would depend upon the applicability of the data for a corre=
lation study of effects of yield, haiyni of burst, and meteorologiecal
parameters on the cloud evolution, [he major reasons for the paucity of
data were as follows: (1) single camera ntation data did not offer suf=
ficient reliability, primarily due to n~ Arift ecrrectisn when the cloud
vectored toward the camera; (2) th-:doiite data dld not afford suffici-
en’ aceuracy beccuse of manual operatiou; and (3) when both the camera
and theodolite data were available, in some cases, there were large dif-
ferences in data valuns,

In report AFSWr 501, the 1lineir relationship of the cloud height
vs log yield is presented for all .+o%s prior to irz speing 1953
series, 13/ After adding UPSHUT=.. ®iiHOLL dute based upon AWS and 1G&G
records, the standard error from the above ourve was 4300 ft,

Thus, it was apparcnt that lhorough and acvurata cloud dat. were
required to permit a carefn? analysis of the importance of metenroiogical
effects and initial conditions oa .loud evolution.

1.3 THZORY
1.3.1 Ceneral Considerations

The evolution of the s!~bilized atomie cloud, while o . lex, must
obey the physlcal laws governing the heat loss and atmosph - processes
which detarm.ne the history of a heated bubble of air. In partlcular,
it is likely that the main reduction in tcmperature in the fireball
stagea rcoults from radiative logs und that the atmosphere plays essen-~
tially no role during these early perlods, The atmosphere becomes im-
portant in reduciny the mean temperature of the cloud in three ways:
first, in producing an expansion of the atomic cloud us it rises; second,
in providing cooler air to entrain into the atomic eleud, & 1 thi. !, in
determining the rute at which the atmosphere reduces its bu rarcy., The
decrease of pressure with height is almost the same for 3ll :tmospheres
aud, al presont, it is felt thau the cloud, rather than the atmosphere,
determines how much air js being entrained. It is snly in respest to
the third item (which is essentially the ntrosphere's lapse 1ats »f tem=
,;eratnre) that therc is a real variatic. from shot to zhiot, The ur.bable
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coatrol of the atmosphere uver the maximum rise of the atomie cloud
through the lapse rute is illustrated by larg W numbers of clouds which
stop at the tropopause, by the severcl lowwylei.d shots which stopped
at inversinns in the tromnspnere, and by the horlzontul layers of the
stem materiul Lalow stable luyers,

Tha2 discussion mentioned above is, strictly speaaning, applicable
to u dry atmosphere. The moisturs (in vapor rate) entrained in the
lover levels is of the order of 1 to 10 grams per kilogram of air which
condenses at the lower temperatures of the upper atmosphere to release
about €00 celories of heat for euch gram of w “er vapor. For Nevada
shots the releases of this amount of heut probably does not exceed an
additional 0.1 KT of energy, but, in the case of Pacific shots where
the moisture content of the air is much high r, this may be much more
important,

In describing the svolution of an atomic cloud there are many
features which are of intereat, imeony these are: the sbsolute top of
the oloud, the top of the body i the eclnud, the center of gravity of
the mushroom, the base of the mushroom, the bases and tops of luyers
(if uny) of the stem, the width of the =ushroom and stem, the volume
of the mushroom an. stem, und the dalineation of the radloactivity
within the visible cloud. Unfor‘*umately, onlv the too of the cloud has
been systematically observed dw in;; cuch of ..e tests. The other items
have been investigated during only a limited numher of the shots, Cone
sequently, theories have been rro.-lpated and tested on the maximum
rise of the ocloud only.

Two reasonable approaches uc the predict.on of cloud heights are:
first, one can develop formulie wniun purpe=t to express the physiecal
proceases involved in the rise; oucl second - may compute regreseion
equations in which cartain meteorological © .nation features are
the independent variables,

1.3.2 Current Theories

Two ways in which one might, predict the maximum rise of the
cloud are: First, one might attempt to determine the elevation at
which the cloud and environment are at the sar- tempernture plus us-
suming & negligible amount c© “overshooting” of the level o. nu further
buoyancy; sccond, one mighv assum., thut the .loud helght attained is
equal to th. computed upwerd rotion. While ihe latter approach appears
to be far mere reasonable, it requires a knowledge of the resistance of
the atmosphere to the upward molion of the cloud mass, a feature whick
is known very imperfectly,

There are in existence three published thoories of ths maximum
rise of the cloud, two of which yield similar results.

{1) Taylor 17/ has suggested a theory in which the rate " an=
trainm . of air into the surface of the cloud is represented by au,
where a is the eptr:itment factor and u is the upward speed of the
cloud. Siddons _9J showed how the resistance of the air enuld be in-
corporated with Taylor's formulation of the rise cf 2 heatr.d bubble.

(2) Sutton 18/ prepared a theory ol the rice of u cloud nased
on his diffusion theory.
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(3) Machta 11/ devised a formula of the maximum helighi asmuming
that the percentage rate of entraimment per unit beight is & constant
over a riven height interval.

A1l of the theories incorporate the effects of the expansion of
ths cloud u8 it rises through the use of the potentiel rather than the
actual teiperature,

‘lable 1,1 gives the formulae cof Taylor, Sutton, and Machta for
the maximum rise of a heated bubble through the atmosphers, Column I
gives the formula for the height at which the cloud is no longer
buoyant, whereas Column II provides the helght at which the upward
velceity ceases.

It should be noted that only the Taylor resistance equation in
Colums 11 incorporates the resistance of the air tc the rising cloud.
The Sutton and Machta* formulse do not, Further, the velue of O wsed
in Taylor's formula must be admitted to be quite uncertain.

It is possible to compute the height of the ¢loud in stepwise
faghion to eliminate the naed to keep such quantities as the density
conatant through a great depth of the atmosphere,

All of the formulae suffer from o lack of knowledge of the resid-
usl energy of the c.plosion which provides the heat for the buovancy,
The Tayler and Sutton formulae alveady have converted this energy into
a temperature rise which has not been done in the Machta formula,
each of the formulze there is one n:in quantity which determines the
rise, This is the entraimment: @ :n the case of Taylor's formula, C
in the case of Sutton's and OM/M .z in the case of Machta'a, In each
formula this quantity deminates a.i uthers, and ii each case, it is
felt, the applicable value ia proimbiy knowm wi+h greal .acertainty.
Each formula derives its entrainment rate from vther weasurements of
atmospheric phenomens and the authors show that -ach of tiie resu’.ting
answers is not unreasonable. It might also be pointed out that the
exponent in the Sutton equation I-> reasonable values of the pertinent
parameters is about the same as that in Taylor's eyucztion.

One should expect the helghts achieved by the formulae in Column
II to be appreciably gremter than those in Column I, sinne tne cloud
still has an upwurd velocity when it no longer is lighter then tue en-
vironment, While it must be true that the cloud "overshcots" the level
of no buoyancy, the magnitud~ of such overshooting is not felt to he
from 20,000 o 54,000 Jv as one computation of the two Taylor equations
indicate. .n lievada, the sinking of the cloud within the first 15 min-
utes after initial stabilization rarely exceeds 5000 ft and part of the
subsidence of the top nay be due to factors other than the overshooting
(e.g., sinking of particles, descending atmospheric motion, ete,).

Certain general conclusions can he derived from all of the
formulae:

(1) The cloud rise is sensitive to the entrainment und i~ leas
sensitive to the energy yleld of the device or temperature exceas of the
fireball.

* The meximum risec of the cloud using the level of n> fur.her notion
was not promulgatod by Machta nur Sutton but is give: in Ref, i,
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(2) The main defeect in the use of motion, rather thun the level
of no buoyancy as the measure of maximum height, lies with the luck of
knowledge of the resisting cction of the atmosphere. The height pre-
dicted by the formulae at which there =re uo longer any buoyancy effects
is tco low, bvt whevher this is a thousand feet or s¢ as the present
authors helieve, or 24,000 {t as deduced by Cohen, :OJ is =4111 umproved,

(3) The formulae would more correctly predict the hLeight of the
center of the mushroom rather than the tops, even though many of the
verifications have been applied to the cloud tops since these were all
that were available.

TABLE 1,1 - Application of Theory of Cloud Evolution by Taylor,
Sutton, and Machta

Column I . Column II
(E&lancy) (Vertical Velocity)
1 , Y4
Taylor ns[.3E. fe r_—@;—3
poBa’] trpofa’; i
_ [,; 38(7 +Cp/2a ]
Taylor-resistance iz PU‘BGB (3+01/2a)
_]2/ (3m + 2p)

sutton 1 = [(3m+ 2p)p 7%/Om ) [zu(am:,».) ke
91rp0'038(3m+2)p J

Machts i 1 log, [14»1‘10 2

134MAR ujl Solution of Equation:
10 2 K
10y B -& 4
X dz [“(°)] * %D - 1 5z

z
90 dzzo
o

vhere H = height of ciouu above level at which [ireball radiation
effects tecome negligible

E = heat energy available to raise the temperature of the clond
for bucyancy

g = acceleration due to gravity

p = density of cloud (s mean value along the clcud ascent)

ﬁ = potential temperature lapse rate of the nir

a = entrainment rate of Taylor's theory (C.2)

Cy7 drag coefficient {suggested value in range 0.5 to 1.0

m = a stabilily factor in Sutton's diffusion theory (suggested
value = 7/4)

o = specific heat of air at constunt pressure (0.25 nal /L;m/ol‘.)

p = exponent in a formula for potential temperature gracienc

which i8 of the form zP (uc.mally p=x 1)
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(1/:(31/9 2) - percentage rate of mass M entrainment per unit height z,
a constant

potential temperature excess of cloud over environment,
at time when radiation effects are negligible

ufo) = upward speed at the level ai which the radiation no
louger is important

potential temperature at level at which radiation
effects are negligible

[
&
"

a3
)
"

To solve the integral in Column II, use

AT

o

8 -
A9=[A6°+ :TJ__T] TR
Fgz

:zl.-—-[

1.3,3 &impirical Formulse

If one has muiy cases of the rise of clouds uuder different
weather conditions, vne may select thie most likely feature of the at-
mosphere and the physical parametera which determine the maximum rise
of the cloud and empirically deternine a formula which predicts the
rise. The AWS group at los Alar~e “tientific lavoratory (LASL) has done
this with the following results as - the present.

For 1 to 10 KT shots both tcwer and air Lursts®
Y2 17 » 2.16x3 = 5.43xp + 0.34%3
where Y : amount of rise of cloud '1C00's of ft)
x]1 = yield in kilotons
x2 = departure {in 9C) of actual lapse rate from the adiabatic
lapse rate (mean of 50-mb increments) from 850 mbs to cloud
top
x3=mean wind in knots in layer through which cloud rises
For aiy bursis (10 to 60 KT)
Y = 29.73 - 0,109¢x3 = 0.0724x2 - 1,7681x3 + 2.1863%; ~
0.4852x5
For 300-ft tower b rsts (10 to 50 KT)
= 31.9436 + 0,0202xy = 0,0849x5 - 5.3230x3 + 0,5767x,
where Y : maximum height (1000's of ft above MSL)
x3= yleld in kilotons
x2= mean wind in inots from 10,000 to 35,000 £t in 5000~
£t increments

* llewgarden and Spohn, lASL, unpublished,
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x3 = departure (in OC) of actual lapse rate from the
adiabatic lapse rate {mean of 5u-mb iucrements) from
600 to 400 mbs

x,, = height of tropopause (1000's of £t above MSL)

x5 = height of burst (1000's of ft above ground)

The dafecta in Liw use of empiricel formulae are twofold: first
the parameters which are used in the regression equation, while probably
applicable, may not necessarily affect the height in a linear relatione
ship, and second, the regression equations use only the easily deter-
mined meteorological parameters rather than such terms as entrainment
or superheat, directly related to theoretical endeavors to solve thre
clouvd rise problem,

In the present state of atomlc cloud-tof predictions, iheve = -
definite place for regression equations, bul they should hs used with
caution and modified when cuntradictory to the sense of the theory,

1.3.4 Past Iata vs Theory

Iata coucerning cloud evolution collected through the spring cf
1953, at Nevada, do :wt appear to suppurt the theory except when viewed
in a broad pleture. It is to be expected that, aince meteorological
conditions are selected at randcn with respect to cloud evolution, one
ought to find a clear increase in cloud height with yleld. ‘econdly,
there should be a predominance ' clouds which atop slightly above the
tropopause, 8inoe the stratosph-.’c stubili.y chould inhibit further
rise,

Prior observationa do, in fact, show that devices with ylelds
over approximately 15 KT riae appreciably higher than those helow
approximately 15 KT, Figure 1,1 indicates past cloud rises compared to
¥yield. In the lower range, up *n 15 KT, the theory is qualitatively
verified by a general increase in cloud rises with yleld. However,
above about 15 KT (and up to about 60 KT) the data suggest that the
amount of rise of the cloud top is almost independent of the yield of
the device. In fact, the amount of rise in this yield range appears
to be uncorrelated to anything thus far studied, This condition re-
sulted in the curious fact that the use of a fixed altitude (i.e.,
average height of tuopspuuse; as the stopping peint fur UPGHOT-KNOTHOLE
clouda in “he 15 to €0 KT range was superior to the existing regression
equations prepared from pre~UPSHOT-KNOTHOLE information,

Study of the relationship between the tropopause and the maximum
rise of the cloud in this range of ylelds improved the situation only
slightly. Above about 40 KT all cloud tops entered the stratosphere
by the asame emount, while below 40 KT the stratospheric peistration
failed to correlate with yield.

It is felt that thery probebly does exist sume significant con-
trol by the atmosphere on the maximum height of the clouds accounting
in part for their differunces, A review of the probable reasons for
failure to detect any such control suggests the poor quality of the
cloud evolution observations as the cause,
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1.3.5 Special Case

One of the most interaesiing shots of the TEAPOT serles, relative
to atomic cloud growth, was the 36,600t 300-ft burst of a small KT
WEAPOY.

Singa it was anticipated that the burst height would pluce the
weapon in the stratosphere rather than the troposphere, two new gondi-~
tions were nov introduced: (1) air density wes lower by a factor of 4
compared to surface conditions; and (2) the atmospheric lapse rate be~
came almost isothermal, resulting in far greater stability.

Primarily because of the sampling problem, much interest was
directed to the antlcipated maximm cloud height, Meteorologically,
the problem was fascinating because of the new envi.ronment of the
stratosphere in which the atomic cloud would evolve,

Kellogg of the Rand Corporation, at the requeat of AJy Force
Cambridge Research Center (AFCRC), considered this problem. 12/ An as-
sunptlon was made that the firehell radiue is inveraely proportional
to the air deasity, In this case, greater heat would be rised up inie
tially to heat the greater mass of air and the initial vertical accel=
eration would decrenna, In addition, the previously mentioned Machta
equation {Table 1,1, Column I) was ntilized, The entraisment factor

2 is relatively 1nsenau1§a to yield and can be given a numeri-
cal value of 2 x 10=3 to 3 x 1077, e atabi%:t{ term (B) s vell
known in the stratosphere and equal« 10 x 10°/m=l, The possible range
of initial superhent ( A 8§ ), 18 yu.te large and probably varies be-
tween 600K to 20000K, By further ainplificstior cf the above equation,
a ralblo ie set up comparing tropospherie with strslospheris terms, The
results suggest that the cloud would rise 0,80 te .28 as high at 40,000
£t as compared to near surface detonations, This result suggests that
a 2 KT bomb burst at 40,000 £t would rise to 48,000 ft (center of eloud).

Another similar effort to s~lve this problem resulted in a meet-
ing a% the AFCRC in June, 1954, attended by the U, S, Weather Bureau
and AWS representatives, Conslderation was given to the Sntton and
Taylor formulae in Table 1.1 using as a reasonable approximation

0.25
I~ PB

In comparing the heights to be attained in the tropospherc and
stratcsphere, the yield term E can be neglected since it remains con-
stant, By inserting numbers for the other terms involved, the ratio
becomes 0,88, quite similer to the Kellogg approximation., This aguin
suggested that the high altitude burst would not rise as far vertically
as its lower counterpart.

The above estiyutes are based orimarily on the effect which the
stabllity and density of the atxosphere will have un the rising bubble
which 1s Eiven a fixed amount of heat energy, However, according to
Kellogg, 21/ the dimensions of atomic clouds detonated at dirfe::av
pressures should be corrected for the w.irk which the fireball mus'. <o
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in expanding against the enviromnment, This correction is inversely
proportional to the pressure at detomation level. If the high air
burst is exploded at alout 40,000 ft (or about 200 millibars) and is

to be compared with tower or low~level bursts in Nevada ut & height of
aboui 4500 £t ‘or about 860 millibars) then the ratio 860/200, or
about 4 chould be applied. This correction was not envisage. when
planning estimates of the high air bursi rise worc prepared and compar-
isons between observed and calculated heights ir this report are based
on its omlssion,
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CHAPIER 2

EXPERTMENTAL PROCEDURE

2.1 EDGERTQN, GERMESHAUSEN & CRIER PARCICIPATION

Fdgertion, Gsrmesh & (rier phot phed the atomic cloud on
each detonation in oudur to defam:m; the foumung paramsters: cloud
::‘iighti rete of riue, vertiocal depth of mshroom, dimensions of stemn,

volume .

2,11 Instrumentation and Equdr mut

Two 70 mu camsras
*0pe A/6 35 m
One Bell and Howell mm
Rl iy 35m | Sration 372 nees Comtrod Folat (GF)
*piscontimed after first shot because of unrelisbility
Approximate
2,1.2 Location of Camere Sites  Latitude Longitude Losation

station 9.4a = Charleston Peak 36°-19.1' 1159%34.5' 43 mles SF

One Bell and Howell 35 mm fation 9.48 ou Uhnsleston Peak
Station 9.4b at Amergosa

MEIN

Station 9.4b ~ Amargosa 36°%23,01% 116%26.31' 50 mﬂu sw
of C

Station 372 - near CP 369-56,20 116%04.2' 1 nﬂn W of
cP

2.1,3 Operations

Three oamera locaticns were operated by EGXG to accumula .
photographic data for Pro;wt 9.4
1) Station 372 (also collected firetall and cloud dsta for
Anc Ptojoetu 15,2 and 23, 2) At this station two 35 m cameres, having
cal lengths of 102 and 50 mm respectively, were cup at 2.4 evd 24
ﬁmn per second (fpa) for 4 and 10 nz'-:t.u respectively, Wia: rugle
lenses wers utilized to see as hich as ponﬂ’;h
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(2) station 9.4a (Charloston Peak). Ume A/6 camerz, focul
dength 102 mm, wes run at 24 fps for 4 minutes. The Bell and Howell
canern, focal length 50 mm, was run 1 fps and 2.4 fps for 10 minutes,
Both 70 mm cameras, focal length 105 ma, wore run at 1 photogreps every

5 weconds for «0~30 mimites.

{5) ctation 9.4b (Amnrgosa) same as station 9.4a.

211 statioms were radio linked and were menned. Cenera timers
documented the cloud rise on each frame of the film. Apertures were
maually adjusted on the camerss during the cloud evolution to compen—
sate for approaching daylight. On daylight shots, some 16 mm kode~
chrome £iln was used as edded documentation,

The angle subtended at ground zero by the Charleston Peak apd
Amrgose stations varied from 559 on Shot 4 to 2C° on Shot 12, general=-
1y sbout 60° on the other detonatioms.

Ctotion 372, near the Comtrol Point, wes of value for early
cloud rise photography. The Charleston Feak (9.4a) and Amergose (9.4b)
staticns were of more valus for documsnting the latter part of the
cloud rise and also for determining hordzontal drift of the atonlc
cloud.

Complete dulzils of cauworaz, lertes, cetiings, ard £iln naed
can be found in EGXG plancing reiwit 1177 end post TEAPOT £1ilm data
sheet catalog, EGXG report LV-193.

2,2 ARMY MAP SERVICE FARTIC 'PAT'N

ATy Map Service participate in Shots 1C, "I, »nd 12 of this
teat series to determine the feamcilyility of msasuring cloud volume by
thotograrmetric procedures. The mcthod applled is 2 modification of
methods used in aerial =mud terrestrisl photogramwiric rapping. A peir
of overlapping photographs are obtained from two cemern positions.
Vhen oriented in a precislon phourameiric instimnmeul (Zeiss Stero-

graph) a scaled, visunl, threc dimeraional model of ull objectc

in this cese a section of the cloud) within the overlar aree of ithe
photographs 1s obtained. The instrument provides a method of comvert-
ing this model to an accurately scaled graphic portrayal, on & wo
dimensional medium with the third dimension indicated by comtour lines.

Diegranm of Projection of Visual Hodel eprocuced
Test Siie lodel in Stereoplanigraph on Two Dimen-
c sional lMedium
loud
6 Miles s ; ; ; @
Canera 1 Camers 2 Seale Moyl Third Nimension
Indlicated by
Contours
24
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Foom this dlegraw of the cloud the volume of the section of the clowd
may be computed easily. To determine the complete volume of the cloud,
several cameras wou'sd have to be placed around the cloud, As this was
a feasibility test only, 2 maximm of three camsras were planned for
usy v each srot.

2.2,1 Planued, Test Procedure

Initial discussions regarding Army Map Service participation
and a general plan of operations were held om 2] September 195 with
remresentatives of Air Force Camlridge Research Center and the Armed
Forces Special Weapons Project. TFinal plans were prepared by AMS with
advice and guidance from AFCRC, including some ‘rdication of the ANC
safoty requirements at the NTS, Studies and exporiments wers ~méncted
at AMS to determine the camera equipment to be used. The equipmant
selected by AMS for wie was:

3 Type T=-11 Aerial Mapping Camsras (selscted for wniferm

oparating characteristics)

3 Camerz Mounts (mamufactured at AMS)

3 Vacuwi Pumps (manufactured at AMS)

1, T=11 Camare 3. Timer 5. Gensrator 7. Walkie Talldlo
2, Suction Pump 4. Battory 6. Radio to °P

Fig. 2.1 AMS Cemern Site
25
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It woc ogreed, after it wes jound thui AEC hwd sirict limito-
iions oh land lines, %hat EGMG wow'd furnish suitable radio equipment
for synchronlzed iripLerins of the camerss. The equipment furnished
included:

One trozamitter (oporated by EZ0C)

Cix Motorola TMRU-V, 1-D receivers

Throe 110 voll unitc were used for veoice count~down
Three 6 volt units wers used for trigrering caneros

Three 110 volt generctors

Three Two-wey, wellkdie~tallkies

Three 6 volt betteries

Three camera station sites werc chosen from A topographic
meps of the NIS for Shot 10 and three for Shot 1z, 0ffice selection
of stations for Shot 11 wus nol wide 25 this test wac Lo detormdne
image quality only. Exposures were planned at 5 sec intervels with
the first exposure scheduled at zero hour. The camerss would remain
in operrtion until the £ilm supply (200 exposures) was evheusted.

2.2,2 Field Operatiors
2.2,2.1 et 10

The three cameres were irstulled on the stetion sites select~
ed. The geographic positions werc as follows:

L: i Lvede lanaitude
Sumeru 372 395,20 13620, 2t
Comere. 1 3675741 115%g 1
Camera 2 3695741 116908, 5¢

After iustallatior, a check of the radio synchronization
systen wes carried out with satisfactory results at all stations., ve
to safety requirements only one station was mamned during the shot.
The radio triggering systenm failed to activate the camcra at thiz
stetion duricg the actuel shot, possibly due to signal interierence, so
the camora wes operated weqwclly to obtain exposures ot epprovimntely
5 sec imtervols, T4 weo luter determipéd thet ope of the two uilier
ctotions war succe:sfully triggered by redio but no exposures were
obtained at the third station,

2.2.2,2 Shwot 11

Shot 11 (predawn) was photogrephed fror ore memned camera
station. The racdio signel again fuiled to trigger the cameva so ayera-
tion woc manmusl, The persornel ramming the stotior observed the Light
intensity afte¢r the sliot to judge the possibilities of obltaining o good
photo imtge and Tound the lzht very inadequate,
2.2.2,3 Chot 12

The cameras were installed at the selected sites and tested
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Zor radio triggering. Ko signal wes received ot two of the three
stations so selsctiom of new stations was required. One of the new
sites wvas required by AEC to be unmazmed, & double crew was uired
for the second site and the third site was approved for a single orew.
Intermittent signals were received at the stations during a dry run but
nev ntations could not be selected due to lack of tirme. Tl radios
‘ailod to trigger the cameras during the shot so iwo cameras were
manually operated, The camera locations were:

Latitude Longitude

Shot 12 East  36942148,5%  115954147.2"
Shot 12 West  36943'05.3"  115958'1,,7"

2.3  STRATEGIC ATR COMMANMD PARTICTPATION

As part of the Strategic Alr Commnd's orientation and training
progran, two B-47's wore flown over gruund zero, at altitudes of
12,000 £t and 43,000 £t, at 1/2 ond 2 min after burst (Iroject 40.5).
Participation oncurred on Shots 4, €. 12, and 13. The purposs of the
above flights was to photezraph the tcp of the rising cloud. This
informtion would assist the groups which were analyzing specific
por 3, KA 3 , two frames por second, positloned on the
belly on a vertical exis were uswd for the photograthy. On predsm
bursts, the aircraft was f’oswn -. 2 west-east heading to take advantage
of any available daylight.

2.,  THEODOLITE MEASUREIENTS

In order to ovaluate betier the accuracy of peaat theoduviite data,
thoodolite ts on rate of rise and maxirmmn cluud height were
talen on each shot by U. S, Wea.2sr Bureau (USWI) and AFCRC personnel.
The theodolite was located at the north fence of the Conirol Point for
all shots, except Shot 10, On Shot 10, the location wud oa the French-
man Flat access road so 28 to provide a longer base line for this high
altitude shot. On predawn bursts, in some instances, il wns difficult
to delinsate clearly the cloud during the first mimte. In these
cases, & clinomater was us.d to apuroximate the height attainod by the
cloud., Correction for wind drift was applied to the theodolite read-
ings to determine actual cloud top. No correction was made for the
fact that the actusl cloud top was not always being measured, since the
edge of cloud obscured the top from the point of observation.
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CHAPTER 3
TEST RESULTS

3.1 Shot 1

3.1.1 Edgerton, Germeshausen & Grier Photographic Analysis

Low clouds prevented the use of Amargosa und Angel's Pesk camera
stations, Stetion 372 [near the Contrcl loinl) data were used to plot
Figs. 3.1,* 3.1s, and 3,1b.

3.1.2 Aircraft Reporta (See Fig s.1)

Sampling aircraft, Air Force Special Weapons Center (AFSWC), re-
ported the following cloud data: i+ 15 min ~ t_p of cloud, 17,500 to
18,000 ft with peaks at 20,000 ft; Luse of sloud, I4,50C It

3.1.3 Theodolite Datn
Theodolite location: Control Point
Horizontal .ange: 56,147 f..
Bearing: 9,780
Burst Height: 4957 ft MSL

TAELE 3.1 - Theololite Duta, Shot 1

Time Elevatior l dorizontal Distance Cloud Belght
(min) Angle (£t) (£t MSL]
0.0 - 56,147 4,957
0.5 5.0 56,147 9,055
1.5 3.6 53,500 11,737
2.5 12.5 50,000 15,225
3.0 14.1 40,100 16,146
3.5 15.9 46,100 16,924
4.0 17.4 44,5 200 18,147
hed 18.6 42,450 18,000
5.0 19.7 40,860 18,273 J

Fig, 3.1 curve is corntructed as the best fit curve from eomy uted
points not indicated on this chart,
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3.1.4 Comparison of Cloud leirh’. Observations

There does not appear to & zood agreeme:: va wavimum height
reached, The fact that the photographic anulysis was btascd upon a
single cameru station does not justify the usus) validity of the pho-
togruphic analysis.

3.1.5 Weather Data

Clouds: Broken (6/10 = £/10) 5000 ft

Visibility: 15 mi

Weather: llone

Shot Height = (4957 £t MSL): Temperature, -5,59C; Pressure,
84€ rb; Potential Temperature, 2+10K

Psendo-Adiabatic Chart. See Fig, 3.2

Wind Speed and Direction: See Fig. 3.3

3,1.6 Comparison of Cloud and Weather Iata

According to past data {Fig., 1.1) the cloud rose a few thousand
feet above the expected height, The lapse rate (interpolated) for shot
time indieated u relatively unstable layer to 15,000 £t (tendin;, to
lucreuse the cloud height) and a strong inversion from about 15,000 to
18,000 ft which should hcve been effective in slowing down the rise of
the cloud, A atable layer above the inversion to 22,000 ft should also
have acted to dampen the cloud rise, A consisteni wind directisi =bove
10,000 ft and strong vertical wind she~r should have acted to d:craase
the height attained by the cloud.
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3.2 SHOT 2

3.2.1 ldgerton, Germesh & Orier Fholographlc Aualysis

The cloud heighi vs time curves and diameter, Figs. 3.4* and
3.45, werc caleulated us a result of measurements meds or oririmal
negatives from cloud tracking stations at Amargoss and Mt, Charleston
%Angel's P)ealr.). Drift of the cloud was determined by trisngulation
Fig, 3.4b).

3.2.2 Afreraft Reports (See Fig. 3.4)

With the assistance of the 4926th Sampling Squadron, the follcw=
ing oloud data on this shut were obtained: H + 10 min - 4,880 £+ MiL
top of cloud, 17,000 £t MSL base of cloud; H+ 20 min - 24,000 £4 tep
of cloud; H+ 48 min ~ 17,000 £t base of cloud, tail lowering to 15,000
ft MSL,

3.2.3 Theodolite Duta

Theedelite Looution: Control Puine (4,140 £t MSL)
Horizontal Distance to Burst Polnt: 42,402 ft
Bearing to Burst Polnt (from theodolite]: 13,3280
levation of Burst: 4325 ft MSL

3.2.4 Comparison of Cloud Heighi “reorvationc

Figure 3.4 indicates good sgreement on reported muximum height of
cloud as reported by shotography, theudolite, and aircraft, The rate of
rise from the theodolite reading appears Loo extreme with no appurent
roason. One possible explanatior would be the predawn shot time, making
it difficult to record accurately iue initial theodolite readings.

TAHLE 3.2 - Theodolite Data, Shot 2

Time Elevation Horizontal Distance Cloud hnlghi
| (nin) Angle (£t) (£t MR
{ - 42,402 4325
1.3 5.2 43,600 8,200
2.5 2347 40,500 22,000
3w 25.6 40,000 23,500
3.8 26.8 39,250 24,100
4e5 27,6 39,100 24,700
5.0 26.9 39,250 24,100
64U 26,2 40,250 24,10C
7.0 25,5 42,100 24,500
.5 PIRP) 49,800 23,600

* Fig. 3.4 curve is constructed as the best fit curve from compn'ad
points rot indicated on this chart.
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TAILE #+3 - Theodolite Data, Shot 2

Tine levation T llorlzontel Distauce Cloud Height 1
(min) dngle (£t) (et ML
G - 69,40U 4y UL
1.5 10,0 69,50 16,400
ZeU 120 69,400 18 SN0
3 14,0 69,200 300
LU 15.5 69,1uu 23,300
5. 17.5 68,900 25,900
6. 19,3 69,200 28,400
T 20,0 69,500 29,300
i .3 69,750 30,0
Y 0. 70,500 30,400
10,0 0.1 L, 200 30,300
110 19.5 72,060 29,700
1240 19.0 72,900 29,00

AT R Bed - mco.lrﬂ“\_ Dutu, sSnot 4

r Tiae mcvntion T Horizontal Distance T Cloud Height
(nin} angle (0t) (rv ML
0.0 6,479 4991
1.0 11,¢ 76, W 20,250
Lol 16.2 76,5500 26,220
5 19.4 76,/00 2,070
3¢5 Uoly 75,450 36, 360
e 25,2 75,800 39,50
4eb 20,6 75 4000 42,050
5.0 .l 55456 403570

Hab 27.6 75,5100 43,350

G 7.9 1/, 5800 43,770

Gab 28.5 Py 4 500 Uiy 620

7.0 27.8 45256 43,320

Teb 27.9 745100 £,25370

2aU 29.0 74,100 45,170

PAY 9.2 72,050 45,77C

9.5 29.6 73,000 46,970
1C,.w 29,6 73,650 47,000 B

3.2,5 Heather late

Clouds: 1/10 ultocumulus 12,000 ft; 5/10 cirrostratus 3.,000 ft

Visibility: 15 mi

Yeather: lione

Shot Height (4325 ft MSL): Temperature, -) 99C; Pressure, ¢71
mb; Potential Tenperatize, "9CCF

Paeudo-Adiabatic Chart: See Fi-. 3,5 R

Vertical Wind ‘‘yeed and Directlon: ODee Fig. 3.0
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3.2,0 Comparison of Weather Data and Cloud Evaluation

Compared to past test data, the height attained by this cloud,
after adjusting yield to sea level, appears to be in excess by ZUU0 to
3000 £t. Bwsmination of the lapse rate curve indicates a generally
stable condition which does not suggest any reason for an excens heighl
fo. the cloud. The wind speed chart indicates increase of wiud wiil
height up to 30,000 ft.

3.3 SHCT 3

3.3,1 Edgerton, Germeshausen & Grier Photographic Analysis

The curves plotted in Figs, 3.7% and 3.7a cre the result of mexs-
urements made fror camera stations at Amargosa and lit, Charleston, Drift
of the cloud was deterrined by triangulation (Fig. 3.7V).

3.3.2 Alrcraft Reports (See Fig, 3.7)

The following cloud information was obtained from the 49R¢+h
Test Sampling Squadron, AFSWC: H + & min - 30,000 ft top (MSL);
H + 13 min - 18,000 7t base (MSL); H + 49 min = 27,000 ft top (MSL),

3.3.3 Iheodolite Mats
Theodolite location: Contre' Point (4127 £t MSL)
Horizontal Distance to Buret Point: 69.400 ft
Bearing to Burst Point: 1.(/9¢
Burst Height: 4501 ft MSL

3.3.4 Comparison of Clouj Height Observutions

The aireraft, theodolite, w. i photographic :lata appear to agree
quite well, The devistion of the thendclite data from the EGEG reto of
rise (Fig. 3.7) 1is expected considering the uccuracy of t%sodolite
measurementsa.

3.3.5 Weather Data

Clouds: HNone

Visibality: 15 mi

Weather: Noune

Shot Height (4501 ft MSL): Temperature, =0.5°C; Pressure, 864
mb; Potential Temperature, 284°K

Pseudo~Adiasbatic Chart: See Fig, 3.8

Wind Speed and Direction: Ses Fig. 3.9

3.3.6 Comparison of Weather Datu and Cloud Height

The maximur heipght reasched by the cloud agrees well with a curve
of past cloud dota (using adjusted yield). The lapse rate curve

* Fig. 3.7 curve is constructed as the best fit curve from conputled
points not indicsted on this chart,
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ind.cates un isothermal layer between 4900 to EOUO ft ISL which did not
appear to influence the cloud rise. The wind speed was westerly and
venerally constunt below 17,000 ft and above 20,000 ft.

3.4 SHOT 4
3.4.1 Edeerton Germeshausen & “rier Photogruphic Analys\_s_

Cumeru locutions ut Amargosa and Angel's Peuk recorded data used
in computing Figs. 3,10,* 3,10a, and 3.10b.

3.4, Areraft Reports (See Fig. 3,10)

Sumpling aircraft reperted the following cloud data: H + 30 min
- 40,500 £t MSL top; H + 100 min ~ 41,000 £t MSL top.
3.4.3 Theodolite Duta

Theodolite Location: Control Point (4,127 £ MSL)
Horizontal Distance to Burat Foint: 76,479 ft
Bearing to Burst Pnint: 346,0890

Burst Height: 4991 £t MSL

344.4 Comparison of Cloud Height Ubservations

The theodolite data suggest higher cloud heights than the more
valid photographic analysis. Thlu disorepancy is due to the error in
reading the apparent cloud top ti'. in effect, reading a point which
actually is the side of c¢laud. Tils error is dve tc iiu inerease in
mushroom size and wind shift,

3.4.5 Weather Imta

Clouds: Clear

Visibility: Unrestricted

Weather: None

Shot Helght (4991 ft): Temperature, 5.6°C; Pressure, 85 mb;
Poteatial Temperature, 2910K

Psoudo~-Adiabatic Chart: See Fig, 3.11

Wind Speed and NMiroction: See Fig, 3,12

3.4.,6 Comparison of Cloud Data and Weather Data

The past cloud height data (see Fig, 1.1} is in good agreement
vith the height reached by this cloud. The lapse rate curve is quite
stable to 9000 ft but obviously did not influence the rise of the
cloud. The remainder of the cwrve to 40,000 £t also appears stable,
The height of the tropopause at 40,000 ft would suggest a barries
further significant rise,

* Fig, 3,10 curve is ocor wcted a8 the hest fit curve frua computed
polris not Andiceted on this chart,
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TALL 2.5 = Theodolite patn, Shet &

—
T‘m\ Mevation Horizontal Distance Cloud Helght
- v L
(min} Angle - {rt M S’ N
0.0 - 39,440 4
0.5 6.9 39,440 :,’,%g
1.0 12.2 39,440 12,530
1.5 16.4 39,400 15,750
2.0 19.6 39,400 18,360
24 2244 39,200 26,320
2. 2.7 39,15 2239 !
3.5 26,8 39,350 24,040
440 294 39,600 20,440
Leo5 36.7 39,740 27,440
545 32.0 39,91 2954
640 33.6 40,236 30,840
740 47 /1,000 32,330
95 3444 453390 35,10
12.0 22.2 51,720 36,690
1345 30.6 *h, 050 37,410
1445 29.3 59,450 37,540
154 28,2 22,100 37,990
17.0 2645 ¢ 38,39
186.0 24,46 25,470
195 Rhel 39,30
TAILLE 3.6 - Theodoliie Date, Shot #
Elevation ] Horizontal Dicstance Cluad Helght
Angle (£t) (£t ML)
- 59,024 4,745
1545 59,200 14,800
1647 56,600 21,800
23.¢ 54,920C 21,000
23843 55,400 32,900
225 51,50C 37,600
5.3 50,300 4G 545G
3.0 50,400 bdyy 200
2948 ~2,00¢ 42,100
401 54,,C00 5C, 300
%43 52,C00 24200
369 04,600 56,900
340 L0 54,360
— L e
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2.5 ST §

3.5.1 lhdgerton, Germeghausen & GrieirPhotograph:\c Aralysis

The data indicated in Figs., 3.14* and 3.14a were computed from
camers Tecords collected at Amargosa and Mt, Charlesten {Anrel's Peak)
stati-ns. Culculations were based upon photogrammetric triangui.iion,
ineluding cloud drift in Flg, 3.1.b,

3.5.2 Mircraft Reporta

Sampling aircraft reported the following cloud data: H+ 37 min
- 30,000 £t top; 27,000 to 28,000 £t base (estimate).

3.5.3 lheodolite Data
Theodolite Location: Control Point
Horizontal Range to Burst Feinl: 39,440 ft
Bearing to Burst Foint: 12,443°
Height of Burst: 4313 ft MSL

3.5.4 Comparison of Cloud Heigazl{ Cbservations

Theodolite and photo meamirements appear to have good agreement.
The later theodolite readings (a. cor 12 min) probably give higher
values because the side, rather ian top, of ‘he cloud was being
measured.

3.5.5 MWeather Data

Clouds: Clear

Viaibility: Unrestrictea

Weather: None

Shot Height (4313 ft): Temperature, 2,0°C; Pressure, $74 umb;
Potential Temperature, 286°K

Pseudo-Adiabatic Chart: See Fig., 3.15

Wind Speed and Direction: See Fig. 3.16

3.5.6 Comoarison of Cloud and Weather Data

The height attained by this cloud was in excess of 10,000 ft
greater than expected. The lapse rate curve ia generally stable
throughout the layer. The wind direction is fairly consistent from
2700, The speed is relatively light (below 20 knots) to 12,000 ft
and not above 30 knots to 26,000 f:,

* Fig. 3.1, curve is constructed as the best fit curve frow coupated
points not indicated on this chart.
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3.0 SHOT 6

3.A.1 Fdgerton, Cermeshausen & Orier Photograrhic Analysis

Cloud d=ta were computed from camera atations located at Amargosa
and Mt, Charleston (Angel's Peak), Figures 3.17* and 2.17a are the €
result of such analysia, as well as Fig, 3.17v,

3,6.2 Aircraft Reports (See Fig. 3.17)

Sampling aircraft reported the following cloud data: H 13 min
~ 40,000 ft top of ocloud; H 18 min ~ 38,400 £t top of cloud, 34,300
£t base of ecloudy H + 22 min = 32,200 ft base of cloud; H + 47 min -
39,200 ft top of cloud, 36,900 ft base of cloud.

3.6,3 Theodolite Data
Theodolite Location: Control Point
Horizontal Distance to Purat Point: 59,024 ft

Bearing to Burst Point: 8,735°
Burst Heighti 4745 £t MSL

3,6.4 Compar'son of Cloud Height Observations

This shot 18 the best sxarile of this series of the problems in-
herent in theodolite measuremeata ulien the cloud drift is clearly
toward the observation point, 7.¢ lheodoliie :22dings are obviously
affected by this gondltion and exe of no value siter 4 rin, To compen—
sate for this effect, a correction for cloud diameter must be made.
Adreraft reports on cloud top agree with photographic measuremer ts. The
discrepancy in base astimate is due to the multiple layors of the cloud
causing a question as to juast whnt constitutes ths base.

3.6.5 Weather Data

Clouds: None

Visibility: Unrestricted

Weather: None

Shot Height (4745 fo): Temperature, 4.50C; Pressure, x60 mb;
Fuotential Temperature, 2880K

Paeudo-Adiabatic Chart: See Fig, 3.18

Wingd Speed and Mrection: Sce Fig. 3,19

3,6.6 Comparison of Cloud and Weather Inta

The oloud rise was about 7000 £t higher than indicated by rrst
data (adjusted yield)., The lupse rate does not suggest any marked in-
stability; in fact, ia stable from 13,000 ft to the cloud top. The
tropopause at 36,500 £t should have dampened any further rlse of more
than a few thousand feet, The wind spesd from 20,000 ft to cloud top

“F—ig. 3.17 curve is constructed as the bast fit curve from compit~d
points not indicated on this chart.

45
SECREV ~ RESTRICTED DATA




¢ qoug “omry sa wsTy PROly L°E 31z
(S3LNNIW) - INWIL
% mm ® 5 o : 8 295 v e ¢t O
- 4 ‘ T
HRERRER
T I I i
tob.qo f i | Pl
— amopoy * T N I T o!
oesa— | ~
S 1A / <!

as0g

i

] r_\
—— i
0 [

St

46

SECRET — RESTRICTED DATA




N\
‘\ n
g
— -_——‘ ! w
\
% .
X i
N ;
1 \\ -
N
A\
N\

(4334 40 SANVSNOHL) ¥3ILIWVIQ ano1d

47
SECRET - RESTRICYED DATA

TIME (MEITES)

Sloud Dismeter vo Time, Shot 3 (EGKG Aualysis)

Fig, 3.7a




(s¥=Apeny pROR) € 10US ‘ASTIC PCTD A€ "EN

1334074 - SILVNIDE00D _S¥3

oLL 172 s [ o£2 LR ol 0oL 069 o83

L g o8
z
f Hove §
ol
x
L2
©
viVQ ALIDOTIAGNIM | W
o Jose 2
008 oo z
- (-3 1 -
~1 /o.kv« Ma w m
—~—l kd osl s
s0¢ £
dess o
8 .. "™ oe S
-~ | 09 gc o< umor
-l —_— WFo o¢ GZVN DT m
viva 931VIN0WVI sef 7 T T, -

o [3.]] 08 0L 030507047
UINO'
| isung | o

_ A I —t. . i ose

48

SECRET ~ RESTRICTED DATA




TALLE 3,7 - Theodolite Data, Shot 7

SECRET ~ RESTRICTED DATA

‘— Time : Elevation Horizontal Distance Cloud Helght I
{min ingle (rt) (£+ MsnS’
== . cem= .
0.0 - 85,176 -
0.5 1.6 85,176 £,687
1.0 243 84,650 7:540
1.5 2.8 84,125 6,350
2.0 3.2 84,000 8,830
2.5 3.6 83,100 9,290 l
3.0 3.9 62,500 9,770
3.5 43 £2,100 10,20
440 446 81,400 10,770
445 4o €0,400 11,09
540 5¢2 77,600 11,420
5¢5 Sed 78,900 11,540
6.0 5eb 78,000 11,510
6.5 G4 77,00C 11,440
740 5.3 76,000 11,140
7.5 5.2 75 5200 11,030
8.0 5.1 74,400 10,780
845 5.0 74,000 1G,540
9.5 4e8 72,900 10,140
1.5 440 7,00 i 9,170
S - —— ————
TAHLL 348 = Thendolite Data, Shot 8
Time Klevation Hovizontal Distance ‘I Cloud Heaight
(min) Angle (£t) (£t UL
0.0 - 60,265 4,809
1.0 10.0 al,300 14,940
2.0 1543 €l,250 20,690
3.0 1847 60,250 RL,520
440 20.9 59,250 26,750
540 <20 59,200 27,920
6.0 2341 59,400 29,440
7.0 23.3 60,100 30,020
8.0 23.1 1,000 30,140
9.C 22.8 62,300 30,350
10,0 2243 63,900 30,350
11.0 2.3 65,80C 29,750
12.0 20.8 67,900 29,%..
13.0 20.2 70,250 29,950
1440 19.3 72,60UL 29,550
15.0 18.1 75,250 29,750
49




is fairly consistent {sbout 40 knots) and does not indicate any
noticeable shear,

3.7 SHOT 7
3.0

No data were compiled for this underground shot.,

3.7.2 Aireraft ileports (Sce Fig, 3.20)

Sampling uircraft reported the following cloud dutz: H + 10 min
- 12,000 £t MSL: H + 12 min - 10,500 ft ISL,

3.7.3 Theodolite Duta

Theodolite locution: Control Poirt

Horizontal Distance to Burat Point: 5,176 ft
Bearing to Burst Point: 2,U94°

Burst Height: €7 't below surfice {4221 ft MSL)

3,7.4 Comparison of Cloud Height Observations

No EGRG data are avuilable for thim shot, Heusonable agreement
is indicated between aireraft and theodolite measurements considering
the questionable acvwucy of the luiter after the first few minutes.

3.7.5 Weather Dete

Clouds: 3/10 thin cirrus

Visibility: Unreatricted

Weather: None

Shot Height {Surfoce Matu): Temperature, 1:.09C; Treasure. c83
mb; Potential Temperature, 3010K

Pseudo-Adiabatic Chart: Sc. Fig. 3.21

Wind Speed and Direction: See Fig, 3,42

3,7.6 Comparison of Weather and Cloud Dita

Although a subsurface burst does not lend iiself too well to com-
parison to other shots relative to maximum height attained, an exuminu~
tion can be made relative t~ .%8 evolution. The lapse rute curve
indicated a amall inversion from about 90CC to 10,0LC ft which roughly
coincided with the maximum height reached; nlso, an unstable luyer from
surface to 000 f+. The wind speed increused 10 ml an hr and direction
changed 17° from 10,000 to 12,000 ft suggesting the effect of u shear.

3.8 SHOT 8
3.8.). Edgerton, G h & Mprier Photographic dsalysis

Figures 3,23* and 3.23a were derived from datn recorded «t ihe
Amargosa and Mt, Charicston camera locations; also Fig. 3.23b.

% Fig, 3,23 curve is constructed as the beat fit curve fron couputed
points not indicated on this chart.
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3.0.2 Airerutt Reports (See Fig, 3.23)

Sampling airceraft reported the following eloud data: H+10 min
- 31,200 ft top; H+15 min - 30,700 £t top; H+17 min - 22,800 ft
o.ge; H430 min = 29,000 £t top; H+44 min = 18,000 IL buse,

3.6.3 Theodolite Duta

Theodolite Location: Control Point
Horizontal Distunce to Burat Foint: 60,205 ft
Bearing to Burat Point: [346,389°

Surst Height: 4809 ft MSL

3.t.4 Comperisen of Cloud Height Cbservetions

Fhotographic, alrcrafl, aund theodvlite dula agres guite well,
The senve of the discrepancy between the thecdolite and other messure-
ments is contrury to whal is usually fcund. ‘This may be due tu the
fact that the wind shears diluted the clcud top, making it too laint
to identify,

3.8.5 Weather ™ta

Clouds: None

Vigibility: Unrestricted

Weather: llone

Shot Height (4609 £t ¥SL): Tfempersturc, 9.3°C; Presgure, 852
mb; Potential Temperature, 295°K

Pscudo=Adiubatic Chart: Iee ¥ig, 3.24

Wind Speed and Direction: See Fig, 3,23

3.8.¢6 Comparison of Weather Dute and Oloud Dut-

The lupse rate curve indicates a stable layer from 8200 to
1},000 £t with an inversion from 11,000 to 11,606 ft, The rest of thu
curve is generally unstabl: to height of cloud tup. The wind speed is
irregular with increases and decreases from 10,000 to 25,000 £t,

3,9 SHOT 9
3.9.1 Ldgerton, Germeshausen & Grier Photographic /malysis
Quality of photographi~ data wes wisultable for analysis.
3.9.2 aireruft Reports {Ses Fig, 3,27)
Sampling uircrafi reported the fullowing cloud data: H+10 min

~ 27,500 £t (kSL) top of cloud: H+17 min - 31,500 £t (MSL) top of
cloud: [H+24 min - 28,700 £t (MSL) top of eloud,

3.9.3 Theodolite Data

Theodolite loration: Control Point
Horizontal Distance to Burst Point: 56,147 ii
Besring te Burst Point: 9,7580

Burst Helght: 4595 ft MSL
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3.9.4 Comparison of Cloud Height Cbservalivns

Comparison of data for this shot is impossible since no photo-
graphic data arc available and the thrndolite and aireraft data are not
simvlianeous.

3.9.5 Weather Mata

Clouds: 7/10 thin cirrostratus

Viedbility: Unrostricted

Weather: lione

Shot Height (4995 ft MSL): Temperature, 12,40C; Pressure, t4%
mh; Fntential Tempeiature, 3000K

Peeudo-Adiabatic Chart: Suve Fig. 3,2¢

Wind Speed and Direction: Sce Fig, 3.29

3.9.6 Comparison of Cloud Mta end Weather Luta

No photogruphic analysis wus mide on this shot. Cn the basis of
theodolite and airc-aft raports alone, the cloud apoeara to have risen
about 5000 ft in excess of expected rise by means of past test data.
The lapse rate curve is generally unstable to U500 ft. However, an ine
version from 8500 to 9600 ft woulit ‘tnd Lo deerease the height. The
wind direction is generally cousitient and the speed increases above
10,000 £t to 30,000 ft.

3.10 SHOT 10

3.10.1 Edgerton, Germeshausen & Urier Fhotogruphic .nalysis

Figures 3.30,* 3,30a, und 2,30b vwere derived from dita recorded
at the Amargosa camera location only. Inta from other camera lociticns
were not obtained or were not valid due to proximity io cloud formation,

3.10.2 Aircraft Reports (See Fig, 3.30)

Sampling aircraft renorted the .ollowing cloud data: U4 O min
- 60,000 to 05,000 £ top (estimate); H + 45 min - 65,300 ft Lop
(ectimate).

3.10.3 Theodolite Mata

Theodolite Location: 25 ft north of main road entering French-
man Flat area, about 200 f1 eust of the
Mercury Highway (3220 ft NMSL)

Horizontal Distance to Burst Point: 82,272 ft

Bearing %o Durst Toint: 3499€2,5'

Burst Height: 36,620 (O ft LSL

* Fig. 3.30 curve is constructed as th: bost fit curve from coriuted
points not indicated on this chart.
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TAHLE 3.9 - Theodolite Data, Shot 9

I
Time Elevation Horizontal Distance Cloud Hei htj
(ain) Angle (rt) (£t ML
0.0 - 56,150 4,995
0.5 5e3 56,150 9,360
1.0 8,8 57,250 13,010
1.5 9.9 58,40C 14,360
2.0 1l.4 59,700 16,320
2.5 12.8 60,800 17,940
3.0 13.1 61,850 18,740
3.5 15.0 63,150 2,080 t
40 15.6 645450 22,110
45 lo.2 65,450 23,170
540 16.7 66,700 24,140
5¢5 17.1 68,350 25,160
6.0 1744 70,200 26,120
6.5 176 72,150 27,020
7.0 17.8 T4 5400 27,950
745 17.8 76,300 28,640
8,0 17.8 78,650 29,370
9.0 17.7 83,250 30,610

{ 1C.0 17.3 52,5500 3,740

TAILE 3.1C - Theodorite Data, hot 1C*

Time Elevation Horizontal Distance Cloud Height
(min) Angle (£t) (£t ML)
; - 82,250 36,600
1.0 27.0 78,400 42,800 -
2.0 3045 744500 47,100
3.0 0.5 72,250 50,10C
4l o2 7L,'100 52,100
5.0 (34,46) (72,500) (53,2
6.0 (34.6) (74,0003 (51.,2oo§
7.0 (34.43) (75,700 (54,800

¥Parentheses indicate data of doubtful accuracy.

The cloud had a2 torus risg appearance and began to disinterrate
at 4 min. The short life of the visible cloud was due to lack of
moisture at tue burst level. Because readings were taken on the edge
of the ring, an estimate tien had to be made of thu elevation of the
center of the ring for true height of the cluud.
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3.10.4 Comparison of Cloud Height Observations

Despite the coubtful accuracy of the theodolite readings the
computed helghts compare fuvorably with the photographically-
determ’ned heigats. The aircraft estimates do not agree but can be
ooneidered doubtful due to the celling limitations of tie sunpling
alreraft,

3.10.5 Weather Data

Clouds: Clear

Visibility: Uurestristed

Weather: None

Burst Height (36,620 £t MSL): Tempevaturs, ~47.700; Prucevrs
222 mb; Potential Temperature,
3479

Paeudo-Adiabatic Chart: Cee Vig. 3.31

Wind Speed and Direction: See Fig, 3,32

3.10.6 Comparison »f Cloud Duts and Weether Teta

The predicted height for this cloud was underestimated by some
10,000 £+, The lapse rate curve iuulcates that the burat was in the
stratosphere. The lack of moistr -« in the amblont stratesphere should
tend to reduce the size of the anrarent cloud and hence its maximum
height, The former was observed but the latte: ¢id nct materialize,
Also, the isothermal layer between 33,000 and 43,000 ft ahould have
served & further deterrent to iis rise, It becomes apparent that the
halght prediction equaiions omit some pertinent atmosphoric par meter
or parsmeters affecting the amount of rise of atomlc clouds, pariic-
ularly in a stratospheric enviru..ient. The wind direction was generally
uniform from burst point through the maximwm height of 55,000 ft,

3.10,7 Army Map Service Volume Analysis

The photography of the high altitude shot was evaluated upon
receipt at AMS, The photog.ophy was satisfactory from the stendpoint
of photographic quality but the air burst did notv provide enough
"substance' to enahle a good photographic image to be registered. The
lack of denslty in the residual cloud precludes photogrammetric deter~
minations of volume in thia typs of shot.

301 sHor 1
3.11,1 Edgerton, Germeshausen & urier Photogrephic Analysis

The data indicated in Figs. 3.34* and 3.34a were computed from
camera records collected at Amargosa and Angel's Peak, Photogrammetric
triangulation was used for calouletions, as well as for Fig. 3.34b,

* Fig, 3.34 cwrve is constructed as th~ hest fit curve from comruted
points not indicated on this chart.
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3.11.2 Adroraft Reports (See Fig, 3.34)

Sampling aircraft reported the following cloud dula: K+ 12
min « 15,200 ft MSL top; H + 15 min = 15,000 £t MSL top; H + 22 min -
13,000 ft MSL base; H + 30 min - 15,000 ft MSL top; H+ 30 min -
13,000 £t MSL bage.

3.11.3 Theodolite Mata
Theodolite losation: Control Point
Horizontal Distance to Burst Point: 68,534 ft
Bearing to Burst Point: 4.9°
Burst Height: 4542 ft MSL

3.11.4 Comparison of Cloud Height Observaticna

Airoraft, oamera, and theodolite measurements give good
agreement,

3.11.5 Weather Mata

Clouds: Clear

Vicibility: Unrestricted

We. ner: None .

Burat Height (4542 fu MC.;: Temperature, 4,59C; Presgure, $67
mb; Pe*ential Temperature, 2850K

Pseudo~Adiubatic Chart: See Fig. 3.35

Wind Speed and Direction: See Fig, 3.36

3,11.6 Comparison of Gloud Data and Weather Data

The cloud rose slightly :..igher than expected, The lapse rate
curve indicates an inversion to 5000 f£t, and then lies between the &y
and moist adiebatic ourve throughout. The wind directiun was from the
NIW=N with a wind speed increase up to 35,000 ft,

3.11,7 Army lkap Service Volume Analysis

‘The photography of Shut 11 was evaluated upon receipt at AMC
and was found to be a complete loss. No useful photographic images
were cbtained due to the lack of light at the time of the shot.,

3,12 SHOT 12
3,12,1 Edgerton, Germeshaueex_x_&_(irier Photographic Analysis

Figures 3.37* and 3,37a were derived from namera recorus ¢ol-
lected at Amargosa and Angel's Peak, Figure 3.37b was computed from
the same records.

* Fig. 3.37 curve is constructed as the best fit curve from cunputed
points not indicated on this charti.
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3.12,2 Alrcraft Reports (See Fig 3,37)

Sumpling aircraft reported the following cloud data: H+ 11
min = 41,500 to 41,700 £t top of eloud; H+ 23 min = 41,700 £t top of
cloud; H+ 32 rin - 42,800 £t top of cloud.

3.12.3 Theodolite Mta
Theodolite Location: Control Point
Horizontal Distance to Burst Point: 61,859 ft
Bearing to Burst Point: 143.525°
Burst Height: 3477 £t MSL

3.12.4 Comparison of Cloud Heighl Obmervalivus

Ceamera, theodolite and airoraft data agree quite well on muxi-
mum helght,

3.12.5 Weather Mita

Clouds: Ciear

Visibility: 15 mi

Weather: None

Shot Height (3477 £t MSL): Temperature, 18,5°C; Pressure, 880
mb; Potential Temperature, 302°K

Pgeudo~Adiabatie Chart: toe Fig, 3.38

Wind Direction and Speed: Soe Fig. 3.32

3.12,6 Comparison of Cloud and Weather Data

The lapse rate curve ind!~ates small inversions ut approximetaly
10,000 ft and 21,000 £t which did not appeas to alfect the cloud risa,
Unstable layers ocowr from surface to 10,000 ft and 15,000 to 21,000
ft. The maximum cloud height seems to have occurred at the tropopause
height. The wingd speed data indicate a strong shear between 20,000
to 25,000 £t.

3,12,7 Army Map Service voiume Amalysis

The photographic materials of Shot 12 were inspected upon re-
ceipt and were found to be of good quality, The image of the cloud
was good on all exposures except the initlal photograph which wus
completely over-exposed by the intense light, These materials were
found satistactory for continuulion of the planned wrocedurcs.

The orientation data listed below were determined to be ‘o
minimum necessary for use of th. photography as planned, Field values
are shown where available. I.e remainder of the neceasary data was
determined in the office photoyrammetrically, These valuves are
underlined.
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Fig. 3.10a Cloud Diameler vs Time, Shot 4 (EGXG Antdysis)
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TARLE 3.1 - Thenlol ite Data, Shot 1)

SECRET — RESTPICTED DATA

Tine Devation llorizontal Dis%ance| Cloud lied, tw
(imin) Angle (re) (4 ML
-
0.0 - ‘38:534 /0154-'3
045 3.0 68,534 7,73
1.0 47 68,534 9,770
15 546 68,534 10,95¢
2.0 6.8 68,534 12,35
25 7.7 68,534 13,400
3.0 8.2 68,53/ 14,020
345 8¢5 68,100 14,28
4G 847 67,700 14,4560
4eb 8.9 67,250 15,340
540 9,2 66,875 14,960
845 9.5 64,500 15,210
6.0 9465 66,125 15,3%
6.5 9.8 65,800 17,510
75 Y75 65,000 15,30
8.0 10.1 64,4700 15,660
940 9.3 63,800 14,580
TALE 3.2 - Thendolite Data, Shot 12
Time Elevation 1 Horizontal Listance | Gloud Height
(min) Angle (£t) (£t M9,
0 - 61,859 2,477
0.5 5.8 aL,85% 10,420
1.0 10.6 62,200 15,79
1.5 1443 62,550 20,040
2.0 17.2 63,000 22,660
2.5 194 63,875 26,720
30 2.9 65,000 30,220
440 22.6 67,800 32,340
540 25,1 70,950 37,340
6.0 2547 4,4 250 39,70
7.0 2543 78,100 40,990
8.0 2443 82,250 41,240
9.0 23.0 87,100 a.ran
10.0 2. 92,000 435490
11.0 2.1 97,200 41,540
63
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Fig. 3.12 Wind Speed and Durection, Sho* 4




Geodetic Camera Camera

Position Shot 12 West Shot 12 East Tower
Latitude 36043105,3" 36042148,5"  3(047'53,7"
Longitude 1159381 14.7" 115954147.2"  135°55'44.5"
Hlevation 3640 Tt 3960 £ 3478 Tt (tap)
Inclination
of camers 220361 21027t
axis from
horizontal
Tneluded
angle, camera  72930¢ 75015!

uxis with camera base line

A pair of preshot photogruphs was s¢t in the Stereoplanigrapi.
and oriented with the aid of the above data. The orientatlon of a
shallow depth zone veniered at the tower (viamible on the photographs)
wus satisfactory.

Phase T - A stereo pair cf photographs taken at approximately
zero hour + 0 sen wnia gelesled ag the Tirst lest wudel to be set, Duw
Lo the non=synchronizaticn of tls camerat, the photographs were nol
taken at the same instant, The time difference could not be determined
and may be a8 much as 3 to 5 seo,

The instrument. .rientation obtained with thc preshot
photograpas was retnined when *r: selected rhetographic pair was set in
the instrument., This wus planae- o provide an wricited three dimen=
gional model without further adjustmenta buing required. This did not
prove to be the case, However, lLavestigalion revealed that small
portions of the mudel could be viewed, sterevscuyticauliy, by udjustmont
of the luteral instrument motions. This inability to form a complete
three dinensional model wus due -~ ihe uneven expansion of the variouu
sections of the ecloud and the time difference hetween the two photos
used.

Thase II = The photographs used above were taken when *he rate
of expansion was quite rapid (ubout 210 ft/sec), It was fel’ that
photographs taken luter might yield better resulta due to a lower ex-—
pansion rate. A pair of rhu'ographs taken at about zero + 2 mi: was
pluced in the instmment. In this case the expausion did appesr less
but the drift of the upper part of the cloud was much faster. Again
only small portions (1-2 per cent of total cloud area) of the model
could be oriented auccessfully at one time, An attempt was made to
contour a portion of the cloud. It was necessary, in order to fuse the
images, to constently adjust the instrument, In this manner it vas
possible to keep the measuring merk on the surface of the cloud and to
trace out contours of a small area, Fowever, since the orienta.ion of
the model wes not absolute, the movement of the instrument motions
influenced the coutowr detum and each corntour is not in a true plane. iven
if this effect ware not present the contours would not te valid contours
of the cloud shape at uny one instant because of thr time 3ificvonce be-
tween the two exposures used. It was “herefore decided that furthar
attempts to vtilize this photography for sterec compiiution were not
feasible.
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Fig. 3.13b Shot 6 Cloud (Approx I + € ;. Note wind cuear effect.
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Phase IlI - During the study of the photography, the pcssibility
srose of measuring the rate of expansion and drift of the cloud by using
a seriec of the existing pholoyraphs from one station and superimpusing
the . ages. The drift dirccticn of the cloud on this test has been
determined, by mateorological data, to be almost perpendiculur to the
axis of the camere at Station Shot 12 East, ThAs inswres hat t'.o
scale of the photography at the cloud distauve ~+. be determined quite
accurately throughout the time period that the cloud is included in the
photography, With the scale known, the rate of expansion (horizontally
and vertically) and drift (ut different altitudes) may be approximately
determined, As volume is determined by the rate of expansion, indica~
tions of the volume could be determined for various timea after zero
hour.

A preliminary instrumert siuvdy of this met.u? ho
been made. Although few measurements were mace it is evident that the
expansicn rate veries throughout the cloud. MHo complete study has buwen
made of the aceuracy chat may e ashlevead but it is balieved that about
75 per cent accuracy may be expected,

No factual data on the cloud volume were obtained,
Feasibllity of uac of photogrammetriec methods con this type of shot wae
neither proved nor disproved bezzuse of non-gsynchronization of photo~
graph pairs due to radio signal failure.

3.13 SHOT 13

3.12.1 Ldgerton, Germeshauseu - (rier Photogiuihie Aualysiy

Cloud data represented i Figs, 3,.43* and 3.43a vere computed
from camera records collected at Amargosa and «ngel's Yeuk sta.fona,
Figure 3.43b was computed from the same records.

3.13,2 Aireraft Reports (See Fig. 3.43)

Sampling aircraft reported the following cloud data: i+ i5 min
- 40,500 ft top of eloud,

3.13.3 Theodolite Data
Theodolite Location: Control Point
Horizontal Distance to Burst Point: 45,371 £t
Bearing to Burst Point: 341,955°
Burst Height: 4736 £t MSL

3.13.4 (:umparison of Cloud fle_i_g_h& Observa.lons

Theodolite measurements appecar to be erronecus after 7 wmin con-
pared with the mora reliable photographic measurements, This is perhaps
due to the edge of the uloud obscuring the actual oloud top which may
explain the 8000 ft discrepancy at 14 min.

* Fig, 3.43 curve in constructed as ile best fit curve from o .y ated
points not indicated on this chart,
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3.13.5 Weather I a

Clouds: Clear

Visibility: 15 mi

Weather: lirne

Suot Height (4736 ft MSL): Temperature, 15,(°C; Prersurs, -55
mb; Potential Temperature, 302°K

Paseudo=-Adiabatic Chart: See Fig. 3.44

Wind Direction and Speed: See Fig, 3.45

3.13.6 Comparison of Cloud and Weather Duta

The cloud behaved very much according to expectations., 1t pun~
etrated the stratosphere only 2000 ft above the trupopause burri-r ai
41,000 ft, There were no sabrupt shears in the apeed and direction of
the wind which averaged about 25 knots from 190°, The lapte rate curve
was relatively unstable from 600C to 12,000 £t and again from 19,000 to
25,000 £t which would tsnd to inecrease the amount of rise.

3.4 SHOT 1
3.14.1 kEdgerton, Germeshausen & urler Photographic Aualysis

The oloud data indicated i Fig, 3.46* und 3.46a were computed
from camera records collected at Ai:rgosa and Angel's Teak. Figure
3.46bwus computed from the same records,

3.14.2 Airoraft Reports (See Fig. *.46)

Sampling aircraft reported the following cloud dota: H+ 14
min = 37,200 ft top of cloud.

3.4.3 Theodolite Mite
Theodolite Location: Control Point
Horizontal Distance to Burst Toint: 59,024 ft
Bearing to Burst Point: 8.735°
Burst Heipght: 4745 ft

3.14.4 Comparison of Cloud Height Obgervations

Photographic and theodolite measurements zgree quite well
v.rough 5 min after which time only essential features ugree such as a
sinking of cloud at 7 min followed by a siight rise, lowever, the max-
imm heights reached differ by aboui 5000 £t suggesting cnce more the
dubious reliability of theodolite measurements,

* Fig. 3.46 curve is constructed as t'~ best fit curve from ccuiv uted
points not indicated on this chart,
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3.14.5 Weather Dita

Clouds: Clenr

Visibility: 15 mi

Weather: Nore

hot lelght (4745 ft MSL): Temperature, 2.1°C; Presurg, €51
mb; Potential Temperature, 28.°K

Pgeudo-Adiabetic Chart: See Fig. 3.47

Wind Direction and Speed: See Fig. 3.48

3.14.6 Compurison of Cloud and Weather [ata

The height predicted for this cloud was overestimated by 2000
£l. This error can perhaps be attributed to the stable layer betwesn
20,000 and 27,000 ft which was coineident with n strong vertical .hee
in the wind spesd. Also, a shallow inversion axisted at 34,000 tu
35,000 ft, Doth of these features would tend to hinder the cloud rise.
The cloud stopped rising in the middle <f u thlek layer of strong (65~
70 knots) wesierly winds. The lapse rate curve was stable threughout
the cloud's vertinal trajectory.

TAELE 3413 - Theodelite Data, Shot 13

Time T Elevation l florizontal Distance | Cloud Height
(min) Angle (14) (£y M-'ig
0.0 - 45,37 43736
0465 11,3 45,930 13,305
1.0 16, 46,810 17,535
1 20.6 48,240 22,240
20 2343 49,450 25,400
245 2549 50,320 28,540
3.0 2749 5,080 n,160
3.5 29,9 51,740 33,880
2.(5) 322 52,320 35,200
. 424 53,100 57 4l
5.0 32.9 53,500 39:6?3
Fhez 54,830 41,410
6.9 34,46 55,900 12,660
645 38 56,9%! 43,690
7.0 349 58,00 44,630
7.5 35.0 59,200 45,610
8.5 35.3 61,500 47,730
9.5 37 64,000 45,430
10.0 342 65,320 48,490
1045 3.0 66,700 49,080
11.0 33.6 68,050 49,330
LL}-5 3343 69,450 49,78
L 32.8 70,80 49,810
_1.4.5 327 Vo324l 50,400
[ 1440 iL.s #4500 | 5L,0x
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TARLE 3.4 ~ Theodolite Date, Shot 14

Tiue ‘ Eluvation llorizontal Distance Cloud deight
(nuin) Angle (£5) (£t vsL
0.0 - 59,024 byT45
045 77 58,650 11,960
1.0 12.85 57,800 17,330
1.5 17.1 57,330 21,760
2.0 20.8 58,000 26,180
25 2344 59,500 29,880
3.0 2545 é1,050 33,20
345 26,7 62,800 35,71U
40 271 65,100 37,420
4eb 27.1 67,400 38,580
540 2646 69,550 38,930
55 2645 7L, 800 39,930
7.0 2347 79,600 39,110
75 23.3 82,200 39,53
£.0 2.5 85,150 39,390
8,5 226 87,750 40,5%0
9 22,0 90,250 40,630
9.5 2.5 93,200 40,810
0.0 2.0 95,300 40,720
1045 2045 98,000 40,730
11.0 2041 100, 800 41,030
11.5 1944 103,250 40,530
12,0 150 106,000 40 ,€50
1245 1847 108,800 40,930

3.15 APPLICATION OF CLOUD DATA TO PRESENT PREDICTINN METHODS

The consolidated data of this series were applied to the Sutton
and Teylor equations of Ta®le 1.1 and solutions were obtained for the
ield parameter, Cunputations were made independently using the max-
imun rise of both cloud centers and cloud tops for the height parameter,
The reaulte are illustrated in Figs, 3.50 and 3,504 and also in Fig.
3.50b in the form of percentage error in computed yields, where asusigned
yields (adjusted to MSL) were ussumed correct. It im evident in Fig,
3.50b that Shot 5 presents a special case for reasons not yet deter-
mined, The initial height prediction for this shot was 10,000 £t too
low, The following general stutements do not tske this shot ir'c con~
sideration, None of the equations succeeded in systematically predict.
ing the yield with ncceptable accuracy. The use of maximum rise of
cloud centers for the height jarumeter produced the best results but
verified only within approximately a factor of two. Both veraions of
the Taylor equatlon achieved this limited accuracy whereas oniy
Sutton's vertical rise equation did eu well,
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TAELE 3,15 - Computed Potential Temperature Excesa (A8,)
for TEAPCOT Shots (at moment when clowd begins to rlae3

Shot Yield °°"“é‘$§§§ Atg%r(x:c zxmousuxi:t:go; 32:5“3 o
Ad justed
Assigned| to MSL Center Top
1 1.2 Ll 42 66
2 25 2.9 113 a7
2 7.0 8.2 192 S48
4 4340 £51.0 1736 3645
5 346 4e2 580 1189
G Se4 9.9 6L 1370
7 1.2 YA »* *
8 15.5 17.9 183 388
9 3d 347 * *
10 3al 1443 407 407
11 145 1.8 38 53
12 2440 27.6 723 1760
13 3.0 3546 1201 2402
14 28.0 3344 587 1375

*Data insufficicnt ¢r unsuitable for computeiion.

The Machta equation was used to determine representative poten-
tial temperature excesses existing in atomic c¢louds at the moment the
cloud as a whole begina to rise, The assumption of a constant mass
entrainment value of 0.5 x 10-3m~! was made for OM/Mdz. Agair ‘he
computations were made independently using the amount of rime for hoth
cloud centers and clond tops as the height parameter. The results
shown in Table 3.15 do not reflect the desired direct relationship with
yleld. Whether or not the valuea shown represent the true pleture
cannot be ascertained hecause actual values for the temperature excoess
of atomic clouds have not been recordsd thus far. i

4
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With the exception of Shots 7 and 9, when data were insufficient
or unsuitable for aomputaiion, an atiempt wus made to determine the
character of volume cntrainment av/va z a8 the cloud risea, The crude
assumption was made that the atomic cloud maintained the general shape
of nn oblate rphervid throughout its evolution. The LG&G cloud data
wnabled ua to compute volumes as shown in Fig, 3,51, The elioud asso-
clated with Shot 10 was a circular torus ring, however, HG&G data
indicate that a cross-section of the ring had sn ellipticul shape, In
this oase, the volume was determined accordingly and hence the volume
computationa should be more representative than that of the other
shots, The role played by moisture advection (through entrainment)
in determining the apparent size of the cloud is brought into focus vy
the curve for Shot 10 where moisture wus relatively absent, Othervise,
the volume seems Lo Le u function of yleld in general, us cxpurtod,
Vulues of volume entrainment were then computed and plotted againnt
helght of cloud center in Fig. 3,52. Only values for Shots 3, 4, 5, 6,
2, 12, 13, and 14 are shown in the grarh bocuuse other shots were of
too low a yleld to produce a great encugh height range between bura.
and atabillzation to establish a definite trend, The curve for Chot 4
is omitted for tia sake of clarity but is very similar to that for
Shot 13, The volume entrainment fur Shot 10 was negative after 0,5 min
and 1# not shown in the graph. The overall results are in good agree=-
ment with previous work along th.z line, 14/ Cne, therefore, seems quits
Justified In assuming that volwr ¢ entrainment is insensitive to yield
and relatively constant at & valus of 0.5 x 10"3m=l between approximately
15,00 und 35,000 ft,

As & [innl step, o comperisc. was wade ot th. voylous prediction
methods other than by the use of the dynamic equations of Table 1.1, A
tabulztion of the rosmults appears in Table 3,1f. The surprisirg feature
of this table is that Columi 5, and not Columss 7 or 9, &8 one ghould
expect, produced the beat resu’t~, This situation pcints out the great
need for further refinement of the resression equation Lo render 1% nore
suitable for operational use. FPerhaps the equation sheuld encomposs
more parameters, c.r., molsture content of the ambient atmosphsre. Also,
depurturesa from standard conditions, in each case considerer, may hn a
better measure of the atmosphere's influence upon cloud vise than the
present scheme of using abanlute values,
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Fiz. 3.332 Shot 9 loud (apprax il + 12 sec)

Fig. 3.33b Shot 10 Clouu (apprax If 4 1 min)
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Fig. 3.33¢ Shot 10 Cloud (apurox  Fig. 3.3%4 Shot 10 Cloud (approx
H + 15 sec). Note lack of density H + 90 gec), Note lack of density
of ring. of ring.
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Fig. 3.40 Shot 12 tloud (epprax Fig. 3.41 Shot 12 Cloud (approx
H + 15 sec). Note good cloud H4 200 sec). Note good cloud
defirition. definition.
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Fig. 3.422 Shot 12 Cloud :.pprox H + 31 sec), Fhoto taken
from 42,00M £ :bove burat with a ¥&~3 crmera.
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Tig. 3.42b Shot 12 Cloud (approv U + 42 sec), Fhoto taken
fron 42,000 £ above turst with a {i=3 camera.
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Fig. 3.42¢ Shot 12 Cloud {~pwrax H + 46 sec). Photo taken
from 42,000 £t =vove burst with & ¥A-3 camera.
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Fig. 3.424 Shot 12 Clowd (= H+ 54 sec). Fhovo taken
from 42,000 £t sbovi “urst with a ¥A-3 camern.
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Fig. 3.42 Sbot 13 Cloud {approx H + 8 sec). Thoto taken from 42,000
ft above turst with a KA=3 camera mounted veiticelly om aireraft.
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Fig. 3.48 Wind Speed exd Directism, Shot 14
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Fig. 3.49 Shot 14 Cloud {epprox I+ 1 min}. Nute non
wniformity of stem and residusl 1ip to omshrooa,

128
SECRET - RESTRICTED DATA




sdesuog esTy [ENTRAI;

SN e T
»z X U6 0B 0L 05 05 o~ kS _
e e e e ey
.
T 400 00N NOLINIT MCTAT ¢ !
ﬂ ®31N33 CNOTDY NOLVND3 WOTAL. s
“ 5 @01l GN2TI) NO'AYNDI NOLLNE B
| 531732 GNOTH N2 DA NCLuns ¥
! -
[
e v
. C e e - - .
Ze T Tes T
s
/

Suprn - opety peind

EREEREN

o 6w

-
s
e

A
PO 3 :
e i
%
t
v
S
k4 . %
. \ .

v

@

s

ot

{GNOLO T —AT3A AIANISHD

129

SECRET -~ RESTRICTED DATA




qdeouoy Lovedions Buysy ~ PIaTy Pozndmon sa pyaix yjsnjoy  w0ge¢ 313

(3NOLOUN) @734 OILRMD

00 06 0B O 03 05 O oF, - X6 DL 9 5 v 3 2 1 6060 (0 90 52 0 €0
7 Y T T T - - —
: H - ' ! | 4 ! ! ¥ S !
L 1 : @ R or
! P s i
" H i I
( oCi CNOT) TWWASSHs w0 -w. - to ! | \\ ; H
_ WOINID A0} TNVSSIY W AT, @ Pl H = - '
Cdli GNCT NOILWOT O0Tav. * P ' | \\
S WAINID ONOTH  NOUWNTS HGTRE. X G S S S Y 2
€ 201 ONOYN WMDY NO.if: O ’ ”
(631P32 GAO"D NOUYPDY MOLTS ¥ -~ ¥ D
) -
— S PE p—— . - JESERS [P — T
! e e »
) e
le — v L
— IR S S A B
I o
- . . - - S8
— \\ 2T
[ = - co e s Lo R v
. -«
Foeecee e e = - - . PR pm
[ r B e I
——emee . - - - e - - R
P - . P - R ol
=
“ H
)
=
o
o ‘- v ans H
— . - \n\ ne
_ o - v, a
o -« A -
- et -7 o
]
i
- , o
4 O - v o
oo . ; . A ;
i

130

SECRET - RESTRICTED DATA




3981100 ST PTOTX TEnSY MTMSS: PTATX PIjndue) LT Io4x: afeyneddsy 935°¢ *J913

- —— e R e ey
. - I .
- - . s - .
d 0 —— *a— <
‘:ﬂ;, oo 1 ‘ '
| 8 | m——— - z
NOHVLIO) ¥03 TRELMSHN [ i < [
ACININIIEM W K ' 1 ' i
VLSS -5 1 L ST (7.2 pess 2 ' '
Sa011e0C3 407 Sesn R . [ ' L - -
SNOVLIWNO3 NOLLNS Dhesn [ — L= -
i z ! [
A & L - - o
B - -
i 1
i " E
P i |
] - - 'om ]
v T ' R
: * ¢
i
) . 1
% oo T o oo .
C ] " [ 4 % €3 Fi %05 9
LY el e — | T o kL < - LTI BUPE 7 "
% 986 o oy S atvernrir? s 90} M :
o 258 O (5 S %6 A——— s
%wagn . DT I e L - —. - . ' %<8 o T N L P —— !
czd [} N '
- . 3o sh— — v
- o Tt L
. )
| y i . ! '
| . “%vy | e
; = wors ¢ . oS- B
t ! i ' ' '
[ i zv eeme—— _p— z
oYL I g %A9 L — - T ™ —
I !
. & ' wie— _ o -
- \ T . T Lo
%O0E %I02 "0+ - WLOL KR WO WOH - %0 GOE GVE 0 e - X 00K %R %ODi =+ - 600!
S60L GrCTD SHANDD OO S0, 30T SN HOD L0
1430402 3SI8 T¥s1L83A 1d3SNOD AOKYAONS

131
SECRET - RESTRICTED DA:




1% FT3)

N
{

YOLUME

TIME  (MINUTES)

Fig., 3.51 Computed Cloud Volume vs Tizm.
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Fig, 3.52 Volume Entraimment vs Height of Cloud Center
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CHAPTER 4

CONCLUSTOHS AND RECOMAENDATIONS

4.1 CONCLUSIONS

The Luulterlons of theodolite measurements were again quite clear,
The experience on tac TEAIUN series wdas furines prool to the dublous
accuruuy of theodolite data for aarlier test series. In partioular,
reedings after 2-10 minutes shol4 be carefully exemined for validity.
Acrording to EGG phovographic mmalysis of some of the bursts, the wind
drift corroction, a3 coupared tv siotogramwetric trlengulation methods,
does not appear completely -aliu, In gemer:l lhe wind data smooth oui
directions and magnify the distcoaces,

Cloud bese data can be rolied upon only with extreme cautlon.

All methods of observation used Lave on inherent subjective bies in the
determination of the actusl base of the mushroom cluwud. A sharp line
of demarcation s wsually not dlsceirrdble dus to variouws rocsens, ¢.g.,
obstructing clewnds, lack of propcr ldghting contras! due to shot time,
irregular cloud feztures and layer formations in t'i stem portion of
the cloud due to¢ wind shears, gradusl transition Urom mushroom to stem,
otc. In general, it is reasonable to eseuro thab most cloud mse
reports are at best a compromise,

The application of actual TFAPOT date to the ~urrent ideas about
vertical cloud prowth leeves much to be desired. The displecanant of
cloud cemters, rather than cioud tops, produced somewhat bettor results
when dynamic theory is applied tut the neceasity for further refinemaat
is quite clear. lYore reliable hetchts far olend Mses, which in cou~
junction with heights of cloud topc determine the height of cloud
centers used in the equations, might enharce the reliability of the
dynamic approfich. The use of thess equations to deteriina yileld from
observed clowd rise also fallc short of the desired accurwcy,

The regresslon equation requires o redetermination of lt. von-
stonts in the light of more recent dote which ere considered more
reliable. The introduction of other atmespheric pursmeters, e.g.,
moisture sdvection through enirainment, might result in some further
izprovement. The use of depurtures from the meas for teims Vil
tropopeuse height, lapse rates, and merr wind in oo acturl souriiwg,
may be o better measurs of the atmospierets role in uetermining cloud
growth and development. 13
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The uge of a fixed moxi:mm rise for all yleld: .al''»s within
Siven renge does not ceen Justified i1 the light of wir '“ta rew +°3;
series,

Perheps one of the most intereating Mwrsin of he - afle: was
hizh altitude shot, The height attained by thet chevd A2 . :
the forecast heipght., In conpariscu with the wiual stebdily 7 Ll-
stratoaphere, the Iwesence of relatively unstable condit.. i’ Lwu.ween
40,000 and 52,000 £t at shot time may also have comtributed wu wuw
ertor in the forecast height. Porsdeccleally, the near absence oi
wolsture in the atratosphere should have reatricted the apparent size
of the clould and therefore its apparont rise. The former wos verified
by cloud volume computations, which show & decruuse in the apparsnt
volwne after 0.5 minulud; however, the latter ceems to have produced
the reverse effect.

The rwat evident moteovoloegioal effect on cloud evolution noticed
during thia serles wns “'w Jdawapening luflusnce of the tropopmuse on
oloud rise, Generally, attempts to co-rclate rmeteorological paraumsters
with cloud height were uotmgonclusive.

This test provel that phetogreumet=ts nethols cwanot bo used for
volumetric detemuinations on high =J.lilude or yrelawn Ghote. Due to
field Aifficulties encountered on 3hout 12, the fensibility of using
thotogrammotric mothods on daytim towe. shots wes not debermined,
domdnant, factor in the fallure ol *":e test wes the non=sychronization
of the comera dus to radio sifmel *~ilure. 1h1s ~mecluded determining
the effect of the following fact.»~ on the tast: ) Auymmetrical
shape of olmid, (2) effect of rapil =4t .abc, at tep of clewd, upon
Lnotrumont projestion distences, et (3) varisbiens in density in

illorent parts of the cluud. Portions of the clowsi are of low density
and contouring would probably rot be jwusible,

SAC above~burst vloud photes wmve only of cuelitntive use because
of comploxity of geometry.

4.2 REGOLINDATIONS

It appears thal further study on exuating and Sulure cleud date
158 necessury lo clarily the 4;namica of e¢loud evolution.

Addiliousd f1eld oporntions and prelimirary office study, are
remdred to prove tho ferniwlity of volumetric determination by photo~
grammetric compilatiion.

The preliminary offlce study shed dinclude improvenent of the
bapic plon used on this test and investiration of possible major chenges
in procedure. Items to be studied: (1) [mprovement of synchronizaiion,
(2) use of convergent photography, /) use of photn ‘heodolites, (4)
area of cloud that may bo compiled {:om «ue model, (5) Jength of .xeTe
bage, (6) use of cmmera Laeigets, (7) .~iemtation of camera axis rolative
to drify dlractior, (&) mumber of ceme~:1 and brios to be used, (9) use
of focal lenzths of other than & inch, (10) camera station locatiuns,
and (Y1) effect of safety repudalious on Lesl jwrocednre,
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